A B S T R A C T Rabbits were immunized with bovine thyroid-stimulating hormone (bTSH), bovine luteinizing hormone (bLH), and their subunits. In two immunization experiments, thyroid-stimulating activity was found in the serum of 6 out of 12 rabbits immunized with bTSHP subunits. The thyroid-stimulating activity in the anti-bTSH3 sera was greater at 2 h than at 8, was eluted with the globulin fraction from Sephadex G-100, was completely neutralized by both anti-bTSH and antirabbit gamma globulin, and was completely suppressed by administration of triiodothyronine (Ts) to the immunized rabbit. These findings led to the conclusion that the thyroid-stimulirting activity resided in soluble complexes of rabbit TSH bound to anti-bTSHP. Two of nine rabbits immunized with bTSH developed thyroidstimulating activity in their serum, but it was nonsuppressible by T3. None of the animals immunized with bTSHa, bLH, bLH,8, or bLHa developed serum thyroidstimulating activity.
INTRODUCTION
In the preceding paper we described the binding, neutralizing, and nonneutralizing antibodies that we found Dr. Chopra is the recipient of U. S. Public Health Service NIH Research Career Development Award 1 KO 4 AM-70225.
Received for publication 21 May 1973 and in revised form 10 August 1973. in the serum of rabbits after immunization with bovine thyroid-stimulating hormone (bTSH)' and its a and I subunits (1) . Anti-bTSH and anti-bTSH,8 bound ['SI] bTSH and ["'I]bTSHP and neutralized, in vitro, the biological activity of bTSH. In addition, diluted, antibTSHI sera, stored at -20'C for many weeks, combined in vitro with bTSH to form an immune complex that was still biologically active as a thyroid stimulator when injected into mice for bioassay. In this paper we will describe a similar thyroid stimulator detected in the fresh, undiluted serum of several rabbits immunized with bTSH,8. Paradoxically, however, these rabbits were hypothyroid. The paper presents the results of our studies characterizing this thyroid stimulator.
METHODS
Animals, hormone preparations, and immunization procedures. These were described in the companion paper (1) . Two immunization experiments were performed. Experiment I utilized bTSH subunits that were contaminated with bTSH. Experiment II used highly purified TSH subunits (1) .
Thyroid stimulation. The McKenzie bioassay in mice was used (1) . Thyroid-stimulating activity is presented as the response index (the percent of the zero-hour value).
At places in the text we have, for the convenience of the reader, indicated the standard error of the mean computed from the individual response indices. Statistical comparisons, however, were made using the logarithm of the responses. Group means were compared with Student's t test.
Undiluted fresh rabbit serum killed many of the mice.
Heating (to 56'C for 20 min), precipitation of globulins 'Abbreviations used in this paper: a, alpha subunit; j3, beta subunit (after TSH); b, bovine; BSA, bovine serum albumin; FITC, fluorescein isothiocyanate; GARGG, goat anti-rabbit gamma globulin; GPATSH, guinea pig antibTSH; LATS, the long-acting thyroid stimulator; LH, luteinizing hormone; PBS, phosphate buffered saline; Ts, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone.
The Journal of Clinical Investigation Volume 52 December 1973 2986-2992 with 50% ammonium sulfate, prolonged dialysis, and, when possible, storage for a few days at -20°appeared to be helpful in diminishing this serum toxicity. Consequently, these procedures were used for those portions of undiluted rabbit antisera intravenously injected into mice for bioassays.
Histologic procedures. At the completion of the immunization the animals were sacrificed, and the thyroid glands were removed. One lobe was fixed in Bouin's solution, and histologic sections were prepared and stained with hematoxylin and eosin. The other lobe was snapfrozen in isopentane cooled in a dry ice/acetone bath. The frozen block was stored at -70'C in the isopentane. Frozen sections 6 Am thick were subsequently prepared for fluorescent antibody studies.
Guinea pig anti-bTSH (GPATSH) was prepared by immunization with bTSH.2 Globulins from this serum were conjugated with fluorescein isothiocyanate (FITC). A goat anti-rabbit gamma globulin (GARGG) conjugated with the FITC was obtained from Antibodies, Inc., Davis, Calif. Frozen sections of rabbit thyroid were stained directly with these conjugates. The conjugates were used at concentrations of both 1: 4 and 1: 8 in Coon's buffer both with and without absorption with rat liver powder. Three normal rabbit thyroids were used as controls.
Thyroid function studies. Total thyroxine (T4) was assayed in rabbit serum by the method of Murphy and Pattee (2, 3) . Thyroidal "I uptake at 240C was measured as previously described (4) .
Suppression of endogenous TSH in the immunized rabbits was accomplished by injecting 20 ,g of triiodothyronine (Ts) subcutaneously each day for 8 days. On the eighth day the animals were bled, and thyroidal 'I uptake was measured. The suppression with Ts was performed in two stages. First, half the animals received T3 while the rest received saline. Subsequently, the treatments were reversed. The animals were bled before and after each of the 8-day periods. The results were combined for analysis.
Effects of anti-TSH and anti-gamma G on thyroidstimulating activity. 100 Al of GPATSH had no thyroidstimulating activity and was capable of completely neutralizing the activity of 0.5 mU of bTSH. GARGG contained approximately 20 mg of antibody/ml. GPATSH, 0.9 ml, or GARGG, 9.0 ml, were incubated with 4.0 ml of rabbit serum containing the following thyroid stimulators: rabbit TSH (in the form of serum from a thyroidectomized rabbit); bTSH (Thytropar), and rabbit anti-bTSHfi that contained thyroid-stimulating activity. Interaction of thyroid-stimulating materials. In an effort to explain the paradox of hypothyroidism in the presence of serum thyroid-stimulating activity, we examined the possible interactions and interference of thyroid stimulators and antisera. In these studies, mice appropriately prepared for the McKenzie assay were injected intravenously with 0.25 or 0.5 ml of a test substance after a 0-h bleed. Mate-rials used for the first injection included normal rabbit serum, anti-bTSHp serum from which previously present thyroid-stimulating activity was absent after T3 administration, anti-LHa to which bTSHB subunits were added, and bTSH,8. At various subsequent times, a second intravenous injection of normal rabbit serum, rabbit TSH, bTSH, or LAT!S was given.
In one type of experiment, the second injection was given 1 min after the first. The mice were then bled at 2 h and 8 h, and the response indices of thyroid stimulation were calculated. In other experiments, the 2-h response index after a first inj ection was obtained. 24 h later the procedure was repeated with a new test substance in the same mice. 2-hour response index on day 1 could thus be compared to 2-h response index on day 2; each mouse underwent four bleedings in this design. Yet another variation, involving no more than three bleedings per mouse, consisted of 0-h bleeding, followed by the first injection. Then some of the mice were bled at 2 h, while others injected with the same materials were bled not at 2 h but at 8 h, before a second injection and a 10-h bleeding. The 2-h response index to the second injection could thus be compared to the first inj ection, but not in the same mice. for these bTSH-immunized rabbits rose from 78±7.9% before immunization to 195+28% at 83 days after immunization (P < 0.01). Significant thyroid-stimulating activity was not found in the serum of animals immunized with TSHa, LHa, or LHfi. These results are summarized in Fig. 2 , which depicts the means for the 2-h response indices of the various groups. In those sera containing thyroid-stimulating activity, the response at 2 h in the bioassay was consistently greater than that at 8 h. Administration of T3 was associated with a decrease in the thyroid-stimulating activity of the serum (P < 0.02) in all five of the bTSHP-immunized rabbits studied (Table I ). (Two of these animals did not have a significant increase in thyroid-stimulating activity before T, was given). Of the animals immunized with bTSH who were studied, only one of four had a decrease in thyroid-stimulating activity while receiving T3.
RESULTS
In experiment II, using more highly purified subunits, immunization was less effective in producing serum thyroid-stimulating activity. It is possible that during the gel filtration step needed to remove the contaminating a-subunit, partial aggregation or other changes occurred in the 3-preparation. However, two out of six rabbits immunized with purified bTSH,8 did develop significant thyroid-stimulating activity, in contrast to none out of four animals immunized with intact bTSH. As in experiment I, the thyroid-stimulating activity, when present, disappeared temporarily when the animals were given T3 for 8 days.
Thyroid function studies. In experiment I, serum T4 fell significantly by day 52 in the animals immunized with bTSHj3 (Table II) , while uptake of radioiodine by the thyroid gland was not much affected until the study done on day 174. The mean 24-h thyroidal "Iuptake of the bTSH8-immunized group was sighificantly less than the preimmunization mean value at day 174 (Table III) . Some decline in T4 values was also noted in rabbits immunized with bTSH, although the change was not statistically significant. Administration of T. suppressed the thyroidal "'I uptake in all the animals. In experiment II, total serum T& did not change significantly when assayed at day 77 (Table II) . The thyroidal 'I-uptakes declined in all the rabbits, including the BSA-immunized controls, but the change was significant only in the rabbits immunized with bTSH and its subunits (Table III) .
The effects of anti-TSH and anti-gamma globulin on thyroid-stimulating activity. The thyroid-stimulating activity found in the serum of rabbits immunized with bTSH,8 was strikingly inhibited after incubation of the serum in vitro with either GPATSH or GARGG. Neither of these antisera effected the thyroid-stimulating activity of LATS. GPATSH fully neutralized both rabbit TSH and bTSH, whereas GARGG had no significant effect on either (Table IV tions (Fig. 1) . Interestingly, the thyroid-stimulatingactivity of the gel-filtered anti- (Table VI) . This inhibition of TSH activity was not dependent on thyroid-stimulating activity in the antibTSH,3 antisera, because antisera of this type obtained from animals in whom thyroid-stimulating activity Beall, Chopra, Solomon, Pierce, and Cornell T3 administration did not usually suppress the thyroid-stimulating activity found in the serum of rabbits immunized with intact bTSH, suggesting either that the thyroid-stimulating activity of anti-bTSH sera was not due to rabbit TSH-anti-bTSH complexes or that the pituitary had escaped from normal control. Although it is possible that the injected bTSH combined in vivo with anti-bTSH, forming immune complexes of bTSH-anti-bTSH, such bTSH-anti-bTSH complexes were not formed in vitro under the conditions we used (1) . The thyroid-stimulating activity of these anti-bTSH antisera, although statistically signiificant, was so weak that nonspecificity could not be excluded (7) .
Thyroid If these sera from rabbits are capable of stimulating the mouse thyroid, why can't they stimulate the rabbit thyroid? There are a number of possible causes for the difference between mice and rabbits. It might be proposed that the rabbit TSH-anti-TSHj3 complexes are more easily dissociated in the mouse than in the rabbit. In that way neutralized TSH might be released to assert its activity. This idea was not supported by the dilution of preformed complexes (Reference 1, Table V ). Such diluted complexes did not release TSH activity. We cannot exclude the possibility that mouse thyroid has a greater binding affinity for rabbit TSH than does rabbit thyroid, although this seems unlikely. Whatever the cause, species differences to thyroid stimulators do seem to exist, as illustrated by the recent report of Onaya, Kotoni, and Yamada that the serum of hyperthyroid patients with Graves' disease contains a potent human thyroid-stimulating substance that is inactive in the mouse (11) .
